Background: In infants and children with fractures from an unclear cause, osteogenesis imperfecta (OI) is often included as a potential etiology. In infants and children with OI there exists a gap in the published literature regarding the fracture pattern seen at the time of diagnosis. As an additional aid to the diagnosis of OI, we sought to characterize the fracture patterns in infants and children at the time of their diagnosis. Methods: We performed a retrospective chart review of a series of infants and children under 18 years of age who have the diagnosis of OI (any type) from a single institution. Results: We identified 68 infants and children with OI: 23 (34%) type 1, 1 (2%) type 2, 17 (25%) type 3, 24 (35%) type 4, and 3 (4%) unknown type. A family history of OI was present in 46% of children. Forty-nine (72.0%) patients were diagnosed solely on clinical characteristics, without genetic or fibroblast confirmation. Rib fractures were noted in 21% of the subjects with none being identified during infancy. The number of fractures identified at diagnosis ranged from 1 to >37 with 7 (10%) having more than 2 fractures. All subjects with more than 2 fractures were diagnosed prenatally or in the immediate newborn period. Seventeen (25%) infants were diagnosed after 1 week of age but before 12 months of age. None of these infants had either rib fractures or more than 1 fracture at the time of diagnosis. Conclusions: The majority of children diagnosed with OI are diagnosed by clinical features alone. The fracture pattern at the time of diagnosis in OI is variable with 10% having more than 2
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Key Words: osteogenesis imperfecta, child abuse, fractures, infant, prenatal diagnosis (J Pediatr Orthop 2013;33:32-36) I n infants or children who present with unexplained or multiple fractures, the differential diagnosis includes the infant or child having an inherent predisposition to skeletal fractures, 1,2 the most common of which is osteogenesis imperfecta (OI). 3 OI is an inherited disorder of type 1 collagen that results in varying degrees of bone fragility, osteoporosis, and predisposition to fractures. 4 The incidence of OI is between 1/15,000 and 1/60,000 births. There is considerable clinical heterogeneity between the 4 major types of OI [5] [6] [7] : types 1 and 4 are autosomal dominant and have a variable osseous fragility pattern ranging from mild to moderate and may or may not have secondary characteristics such as blue sclera, dentogenesis imperfecta, or presenile hearing loss. Type 2 is routinely fatal in the perinatal period. Type 3 is either autosomal dominant or autosomal recessive and has a marked pattern of osseous fragility with associated growth retardation and progressive bone deformation.
Skeletal injuries are seen in up to one third of all children by the age of 16 years. 8, 9 Child abuse victims tend to be younger than children with accidental traumatic fractures. 10, 11 A recent review of children evaluated at a level I pediatric trauma center reported rib fractures having an adjusted odds ratio of 14.4 for child abuse when compared with nonaccidental trauma; 23.7 when restricted to children younger than 18 months. 10 In addition, a systematic review of the skeletal findings associated with child abuse demonstrated the presence of multiple fractures being "more common after physical abuse than after nonabusive traumatic injury." 11 Rib fractures have a particularly high association with child physical abuse (CPA). 11 OI is often proposed as a cause of fractures in children who present with no clear history to explain the injury 3, 12, 13 and may be invoked as an alternate cause of fractures in patients with CPA. Published literature supports that the clinical features of OI are readily distinguishable from CPA. 5, 14, 15 Recently some authors have suggested that children with OI are often mistaken for having been victims of CPA. 13 Our hypothesis was that the fracture patterns, age at diagnosis, and numbers of fractures seen in children at the time of their diagnosis with OI differ from those seen in CPA.
In our study, we were most interested in clinical characteristics when OI was first considered and ultimately confirmed. The purpose of this study is to characterize the fracture patterns and clinical information relied upon by clinicians at the time of diagnosis in a sample of infants and children with OI. We anticipated that the clinical features and number of fractures observed in infants and children at the time of their diagnosis of OI would aid the orthopaedist in distinguishing it from CPA.
METHODS

Design and Population
We performed a retrospective chart review of all children (under 18 y) with the diagnosis of OI of any type who had active records at The Shriners Hospital for Children in Houston, Texas as January 2011. The Shriners Hospital for Children-Houston is not-forprofit children's orthopaedic hospital with over 13,000 outpatient visits per year. Eligible patients were identified by a query of the hospital electronic health records for all current patients with the diagnosis of OI of any type. The initial query of the electronic health record resulted in 76 potential subjects; 8 were ineligible as they did not ultimately carry the diagnosis of OI. The remaining 68 patients formed the study subjects. Figure 1 represents how the subjects were assembled.
Data Abstraction
Each subject's complete medical records were abstracted for demographics, past history, diagnostic criteria, radiographic findings, genetic testing, and social history, including involvement by any state Child Protection Services (CPS). Our query was limited to the findings present at diagnosis and was not intended to represent the natural course of children with OI. Extremity fractures were often noted in the records by body location and not by actual bone. To maintain consistency we coded any extremity bones noted as body location. Fractures of the radius, ulna, or humerus were coded as "arm." Fractures of the femur, tibia, or fibula were coded as "leg."
The protocol was approved by the IRBs of both the University of Texas Health Science Center at Houston and the Baylor College of Medicine. Table 1 shows distribution of the 4 major types of OI and the timing of when the diagnosis was made. The most common type of OI was type 4 (35%). Prenatal diagnosis was most common in OI types 3 and 4. Twentynine (43%) children were diagnosed either prenatally or at birth, and 14 (21%) were diagnosed after the 4 years of age. A positive family history of OI was reported in 46%. A family history of OI was least common in OI type 3; present only in 1 of 17 (6%).
RESULTS
The most common fractures noted at diagnosis were extremity fractures. Twenty-two (32%) subjects had extremity fractures. There were 17 arm fractures and 36 leg fractures. Rib fractures were noted in 15 (22%) subjects. Of these 15, 13 (87%) were diagnosed prenatally or immediately after birth, 12 (80%) were noted to have blue sclera, 10 (67%) were noted to have osteopenia on x-ray, and 5 (33%) had a family history of OI. The 2 (13%) infants with rib fractures who were not diagnosed prenatally or at birth were diagnosed at 14 and 43 months. They both were diagnosed with OI type 1, had a family history of OI, and blue sclera.
The number of fractures noted at the time of diagnosis is represented in Table 2 . Twenty-six (38%) subjects had no fractures at diagnosis and 7 (10%) had 3 or more. These 7 subjects were diagnosed either prenatally (2) or immediately after birth (5); none had a family history, and all were diagnosed clinically without genetic or fibroblast testing.
There were 17 children who were diagnosed after birth (after the first week of life) through their 12th month (Table 3) . Of these infants, most (59%) had OI type I, 94% were diagnosed on clinical features alone without genetic or fibroblast testing, and 53% had a family history. No subject had more than 2 fractures at the time of diagnosis, although in 2 the number of fractures was not reported in the records. The first was diagnosed with OI type 4 at 2 months of age but was noted in utero to have bilateral femoral fractures. The second was diagnosed with an undetermined type of OI at 12 months of age, but had a sibling with a prior diagnosis of OI. Six of 17 (35%) subjects had no fractures at the time of diagnosis; all of FIGURE 1. Assembly of subjects.
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Fractures at Diagnosis in Children With OI these had a family history of OI, and 5 had a physical finding of blue sclerae. No subjects diagnosed in the first year of life were reported to have rib fractures at initial presentation.
The clinical features of OI present in our subjects at diagnosis are represented in Table 4 . The most common feature identified was blue sclerae; seen in 51 (75%) subjects. Hearing loss was the least common diagnostic finding, present in only 4 subjects. Dentinogenesis imperfecta was reported in only 11 subjects at the time of diagnosis. This low number is likely due to 47 (69%) infants were diagnosed before their first birthday, before when meaningful tooth eruption could be expected to occur. Forty-nine (72%) of the children were diagnosed strictly on clinical features with no additional confirmatory testing. In our study 3 (4%) subjects with the diagnosis of OI did not have either a family history, osteopenia reported on radiograph, or blue sclera. All 3 had OI type 4 confirmed with genetic fibroblast testing. They were diagnosed at birth, 23 months, and 13 years, and none had rib fractures at the time of diagnosis. The subject diagnosed in the newborn period was noted to have Wormian bones on radiograph.
Two (3%) subjects were reported to CPS, but neither had a police investigation. One infant who was reported to CPS at 7 months of age was removed from the mother's custody due to neglect. The infant's predisposition to fractures, diagnosed prenatally, was not a factor. The other subject was diagnosed with OI at 6 months of age, had a family history of OI, and had osteopenia noted on x-ray. The infant was not removed from parental custody. The cause for CPS referral was not recorded.
DISCUSSION
This is the largest study to review the presenting clinical characteristics of children who were diagnosed with OI we are aware of. Other published reports have profiled childhood fractures in children with OI 16 or the phenotypic and genetic heterogeneity of children with OI, 6 but none have described the fracture pattern and clinical features at the time of diagnosis. From our sample, we can draw 3 important findings about fractures at the time of diagnosis in infants and children diagnosed with OI.
First, although rib fractures have been demonstrated as being associated with physical abuse in children, 11,17 they were noted in 22.1% of our subjects in whom abuse was not a concern. Our study demonstrates that rib fractures can appear in neonates and children with OI, but importantly not infants. In our study subjects rib fractures occurred in 2 distinct populations: those with OI diagnosed prenatally or perinatally, and those who began to fracture in the course of an active childhood beyond their infancy. Birth is a traumatic process that clearly exposes the neonate to forces well beyond those seen during routine care seen in infancy. Any predisposition to fractures will be revealed during the birthing process. Thus rib fractures that appear in infancy would not be supported as being from OI. Other reports of rib fractures in children with OI demonstrate similar timing 18, 19 or exhibit clear stigmata of the disease. 20, 21 A second important finding from our study is that infants and children with 3 or more fractures at the time of diagnosis represent a small portion of children with OI. Each of the 7 subjects were diagnosed either in utero or immediately at birth and were all diagnosed clinically despite the absence of a family history. Thus, outside of the newborn period, multiple unexplained fractures in infants should continue to raise the suspicion of an alternate diagnosis to bone fragility, such as CPA. 11 Multiple fractures were also shown to be associated with CPA in a large nationwide hospital discharge database in which 85% of children aged 0 to 11 months with at least 3 fractures were diagnosed with abuse. 22 Third, infants and children with OI can be readily diagnosed without fibroblast or genetic testing. A clear majority of children diagnosed with OI (72%) were diagnosed based solely on clinical grounds. Currently, much of the fibroblast and genetic testing performed on children with multiple fractures occurs in the context of courtroom proceedings. One study of fibroblast testing in the context of suspected OI reported that in "88% of cases the child protection service workers, attorneys, or courts had requested testing." 14 It is apparent that much of the confirmatory testing may be unnecessary.
In our study, patients were rarely involved with CPS (n = 2, 3%) and their involvement was unrelated to the diagnosis of OI. In contrast, Kocher and Dichtel 13 described 33 infants and children who had confirmed OI and were reportedly misdiagnosed as child abuse. The authors reviewed anonymous records voluntarily submitted by members of a community group, one-third actively suing CPS, which consisted of incomplete medical records (identifiers redacted by the families) and family narratives. Their study reported 28 out of 33 (85%) children with multiple fractures, with an average of 7 fractures per child, all of whom had some CPS contact.
Despite the study's methodological flaws, the authors of this study agree that the "emphasis should be on the clinical recognition of OI features instead of universal laboratory testing." 13 There are 3 important limitations to our study to consider. First, our study is subject to the same cautions, which are applicable to all other retrospective chart reviews. Because The Shriners Children's Hospital is an international orthopaedic referral center, there were missing data that we were unable to confirm, including number of fractures seen in some of the subjects. Second, we likely have undercounted the number of fractures because as a record review we did not review the radiographs individually and some subjects may have not had complete skeletal assessments at the time of diagnosis. Third, the patients seen and the practice pattern at the Shriners Hospital may not be representative of other OI populations or services. Despite these limitations, our study leads to some important next steps. Repeating this study at other clinical sites would demonstrate the generalizability of these data, increase the sample size, and would account for different patient populations and practice patterns.
CONCLUSIONS
The data from our study of infants and children with OI supports our hypothesis that the number of fractures, age at diagnosis, and location of fractures are the clinical features, which can aid in the diagnosis of OI. Infants or children with more than 2 fractures outside of the newborn period were not seen in our subjects with OI. The presence OI indicates osteogenesis imperfecta. *1 subject was not documented. of rib fractures in an infant remains highly associated with being from CPA and our study would not support OI as an underlying cause. In addition, our data confirm that in infants and children OI can be diagnosed after a thorough clinical assessment in the absence of any confirmatory testing. In summary, the commonly described clinical scenario of an infant with multiple fractures, including rib fractures, is not likely from undiagnosed OI.
